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(54) Optical fiber device and method of making the same 



(57) The present invention relates to an optical fiber 
device (1) having a structure for effectively restraining 
the splice loss from increasing between two kinds of op- 
tical fibers having respective mode field diameters dif- 
ferent from each other. The optical fiber device (1) com- 
prises first (10) and second (20) optical fibers fusion- 
spliced to each other, which are partly heat-treated such 



that both of their respective ratios of change in mode 
field diameter in the longitudinal direction become a pre- 
determined value or less after fusion-splicing. When the 
ratios of change in mode field diameter in the vicinity of 
the fused point are appropriately controlled as such, the 
increase in splice loss at the fused point between the 
first (1 0) and second (20) optical fibers is effectively sup- 
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Description 

BACKGROUND OF THE HWFMTinm 
Field of the Invention 



w 
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Related Backg round Art 

En S^SSS K^ErjS t0 connect ^ kinds of optical fibere - - 

the optica, fibers is lower therein thin i^e SlSK^^^T ^ ^ «*• '° SS b6tWeen 
optical member including first and second optical Am f ecrflcat,on . a" optical fiber device is an 

length of the first and s£ond optica. t^^^ZSS ExamoLTo'f * T the Size and 

transmission line constituted by a positive-dispel oo S?L 7 °P t,cal ftoer **** Include an optical 

to the positive-dispersion optica. Z an ^Z^^nlT^T^^^ ° p,ical «"er fusion-spliced 
mode field diameter and a second optica Sl^ZL'^iS^ * ' ° Pt ' Cal *" * 
fiber successively arranged in this order SL t Z 1 , e ' d dlameter ,usi on-spliced to the first optical 

confuted byadWof^ 

end or both ends of the dispersion-compensating Wto^nZtST W *" ' usi °"- s P"<* d <° one 
which a diffraction grating is formed by modSta Wr +2? w constituted by a first optical fiber, in 

second optica| fiber fusi ^. sp(iced te^^^:^ » a P«« - «s iight^ropagating region, and a 

the spiice loss at the fused point of the wEJS^hii^^T? ^ particular, 
field diameters different from each other be ore uln ^nn £ . * a " d S6C ° nd 0p,ical fibers have ™de 
fiber device becomes greater OU1erbe,orefus '° n - s P"o"ig. however, thespliceloss atthe fused point of the optical 

loss at the fused point from ho^rNl^lJ^^ Sof* T/ T ' " " '° ^ "» Splice 
heated within a predetermined area including me fusL do n. cfth f v and Second optical ,ibers is Partly 
fiber (mainly composed of silica ^mS^J^!^^ ^ Ge and F ' added t0 each °P«oal 
and second optical fibers is lowered ear " ^* ^ diamet6r betWeen the ,irst 

^d optica, fibers is ^.^5?^-^^ 

-lonC^ 

furnace in the heating step after the fus nHten S o as to IS k f P ° mt 3re heated wtth a smal| - size el «*hc 
marginal temperature "at both ends SsrrSlfsize ,na hiahest ^mperature of 1500°C to 17 00°C and a 
Patent Appiication Laid-Open ^£SSSS^t^T!i ,he t6Chnique disc,osed in J « 

termined area including their fused point are he^H H ' ^ S6COnd ° p,ical fibers within ^ Pnade- 

to attain the f^JJi^^^ZT^^^ T'T^ ^ ^ S,ep 50 as 
tributlon within a predetermined area Including d^^^'J^* 8 - 3 ™ de < ie,d dia ™" ^ 



SUMMARY OF THE INVENTION 
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1 .55 iim or 1 .3 fim. In particular, Tn order to lower the difference in mode field diameter between the first and second 
optical fibers, the vicinity of the fused point between the first and second optical fibers is heat-treated after fusion- 
splicing. At a position separated from the fused point by a distance L, the first optical fiber has a first mode field diameter 
D,(L). whose minimum value is D 10 . On the other hand, at a position separated from the fused point by the distance 

5 L. the second optical fiber has a second mode field diameter D 2 (L), whose minimum value is D^. The minimum values 
D 10 . D 20 of the first and second mode field diameters refer to the respective mode field diameters of the first and second 
optical fibers at a signal wavelength (e.g., 1 .55 u.m or 1 .3 u.m) before fusion-splicing, i.e. , mode field diameters excluding 
the vicinity of fused point where the mode field diameter changes. The "mode field diameter" in this specification, when 
simply mentioned as it is, refers to the mode field diameter before fusion-splicing, i.e., the minimum value of the first 

10 and second mode field diameters . 

[0009] In particular, the inventors have found it preferable that, in the vicinity of the fused point between the first and 
second optical fibers, each of the maximum value of the ratio of change in the first mode field diameter (D^L^-D^^)) 
t{L 2 -L)) between given two points respectively separated by distances and L 2 (>LJ toward the first optical fiber from 
the fused point between the first and second optical fibers and the maximum value of the ratio of change in the second 

is mode field diameter (D 2 (L i )-D 2 {L2)V(^z' L \) between given two points respectively separated by distances L 1 and L 2 
(> L y ) toward me second optical fiber from the fused point between the first and second optical fibers be 4.0 p/nm 
or less 

[001 OJ When the ratios of change in the first and second mode field diameters In the vicinity of the first and second 
optical fibers are controlled as such, the splice loss of the first and second optical fibers can effectively be reduced. 
20 [001 1 ) The ratios of change in the first and second mode field diameters in the vicinity of the fused point may also 
be controlled with reference to the first and second mode field diameters D^O) and D 2 (0) at the fused point. 
[001 2] Namely, when the difference between the minimum value D 10 of the first mode field diameter and the minimum 
value D20 of the second mode field diameter is 2 \xm or more, the optical fiber device preferably satisfies the following 
conditions: 
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and 



D A (L)-D W < 0,1 u.m (where L > 5 mm), 
D 2 (L)-D 20 £ 0.1 urn (where L > 5 nrrm), 
(D 1 (0)-O 1 (2))/2 < 1 .5 urn/mm, 
(O>(O)-0 2 (2))/2 * 1 .5 fi/n/mm, 
{D^(0)-D^(3))/3 £ 2.5 fim/mm, 

(0 2 (O)-D 2 (3))/3 £ 2.5 li/n/mm. 

[0013] Also, when the difference between the minimum value D 10 of the first mode field diameter and the minimum 
value of the second mode field diameter is 2 u,m or more, the optical fiber device preferably satisfies the following 
conditions: 

D^(LyD^ 0 <, 0.1 u.m (where L > 5mm), 
02(*-)~02O - 01 V m (where L £ 5 mm), 
(D 1 (0)-D 1 (2))/2 £ 1 .0 u.m/mm, 
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and 



10 



15 



(O 2 (O)-0 2 (2))/2 < 1.0 urn/mm. 

conditions: * ^ 0r more ' the °P t,cal f,ber device preferably satisfies the following 

D i(*-)-Dio ^ 0.1 R m (where Z. < 3 mm), 

and 

°1 (O-0io * 0.1 nm (where L>5 mm). 

» following conditions: 2 ^ ° f l6SS ' by C ° ntrast ' the °P tlca » «»r device preferably satisfies the 

D i(*-)-G 10 ^ 0-1 R/n (where Z. > 3 mm), 
D 2( L > D 2o ^ 0.1 jim (where L > 3 mm), 
(GiW-D^ljyi <1.5 nm/mm, 
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(O 2 (0)-O 2 (1))/1 <1.5 -am/mm. 
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conditions: * ^ 0r ,ess ' the °P tlcal f,b er device preferably satisfies the following 

D i(O-G 10 > 0.1 R m (where L < 1.5 mm), 

and 

0i(J-)-0 1o £ 0.1 |im (where L > 3.0 mm). 

mode field diameter before fusion-splicing) and fte mwlm X n Z 10 * m ° de fie,d diameter < the 
field diameter before fusion-splicingjas in Z fSZ^S S?! m0de fie,d diameter < the ™>* 

and second optical fibers is effectively lowered V P ° '° SS * the fu6ed point betwee " »» first 

WJS Hats zrr s sarirs,^ be r ced when °- e * - » — 

7 nm or less, i.e., when the mode field 112^?^ T ^ " 2 > un ° r ™ re but 

splicing, the splice loss at the fused poim between te iZZlTV /Tr^ ° ptiCal " bers before fusio "" 
change in the first and second r^Z^^t^^^ ° t *? * fU " y reduCed if the rati ° s of 
according to the present invention ° n,r0 " ed 38 mentl0ned ^°ve in the optical fiber device 
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[0019] Though mismatching is-more likely to occur between the first and second mode field diameters when one of 
the minimum value D 10 of the first mode field diameter and the minimum value D 2 <> of the second mode field diameter 
is 1 0 jim or more but 1 4 u,m or less, i.e., when the mode field diameter is relatively large in the first and second optical 
fibers before fusion-splicing, the splice loss at the fused point between the first and second optical fibers is fully reduced 
5 if the ratios of change in the first and second mode field diameters are controlled as mentioned above in the optical 
fiber device according to the present invention. 

[0020] The method of making an optical fiber device according to the present invention is characterized in that first 
and second optical fibers having respective mode field diameters different from each other are fusion-spliced, and then 
the vicinity of the fused point between the first and second optical fibers is heat-treated so as to control the ratio of 
10 change in mode field diameter in the vicinity of the fused point. Specifically, the method of making an optical fiber device 
according to the present invention comprises a fusing step of fusion-splicing one end of the first optical fiber and one 
end of the second optical fiber to each other, and a heating step of heating a predetermined region including the fused 
point between the first and second optical fibers after the fusing step. 

[0021] In particular, it is preferred that, when the difference in mode field diameter between the first and second 
15 optical fibers (the difference in mode field diameter before fusion-splicing) is 2 urn or more, the first and second optical 
fibers be partly heated in the heating step such that the difference between the highest and lowest temperatures in a 
region having a length of 4 mm centered at the fused point between the first and second optical fibers becomes 1 00°C 
or less (thus heating the vicinity of the fused point between the first and second optical fibers). More preferably, in the 
heating step, the first and second optical fibers are partly heated such that a position separated by 1 .0 mm or less from 
20 the fused point between the first and second optical fibers toward one of the first and second optical fibers attains the 
highest temperature. 

[0022] When the difference in mode field diameter between the first and second optical fibers is 2 p.m or less, by 
contrast, it is preferred that the first and second optical fibers be partly heated in the heating step such that the difference 
between the highest and lowest temperatures in a region having a length of 2 mm centered at the fused point between 
25 the first and second optical fibers becomes 1 00°C or less (thus heating the vicinity of the fused point between the first 
and second optical fibers) . More preferably, in the heating step, the first and second optical fibers are partly heated 
such that a position separated by 0.5 mm or less from the fused point between the first and second optical fibers toward 
one of the first and second optical fibers attains the highest temperature. 

[0023] In the method mentioned above, the temperature distribution in the vicinity of the fused point between the 
30 first and second optical fibers is appropriately controlled according to the difference in mode field diameter between 
the first and second optical fibers (the difference between the minimum value D 10 of the first mode field diameter and 
the minimum value D20 of the second mode field diameter) in the heating step after the fusing step, whereby an optical 
fiber device having a lower splice loss at the fused point is obtained. 

[0024] Preferably, in the method of making an optical fiber device according to the present invention, a flame formed 
35 by supplying a flammable gas and an oxygen gas to a micro torch (burner) is utilized in the heating step so as to heat 

a predetermined region near the fused point between the first and second optical fibers. It is also preferred that an 

electric heater be utilized so as to heat a predetermined region near the fused point between the first and second 

optical fibers. Each of these heating methods makes it possible to appropriately control the temperature distribution in 

the vicinity of the fused point between the first and second optical fibers. 
40 [0025] The present invention will become more fully understood from the detailed description given hereinbelow and 

the accompanying drawings which are given by way of illustration only, and thus are not to be considered as limiting 

the present invention. 

[0026] Further scope of applicability of the present invention will become apparent from the detailed description given 
hereinafter. However, it should be understood that the detailed description and specific examples, while indicating 
45 preferred embodiments of the invention, are given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those skilled In the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [0027] 

Fig. 1 is a view showing the structure of the optical fiber device according to the present invention; 
Fig. 2 is a graph showing changes in temperature distribution in the optical fiber occurring when a heating condition 
(the distance between a micro torch and the optical fiber) is changed; 
55 Fig. 3 is a graph showing changes in mode field diameter occurring in two kinds of optical fibers when the heating 

condition is changed; 

Figs. 4A and 4B are tables listing the ratio of change in mode field diameter for each heating condition according 
to the graph shown in Fig. 3; 
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tea.ing nlnp In in. lira emtrndtn™, 3 * X " VM " —a*** «** II* oplical libs, In do 

S ~ ££322 ^ ssrssf « 1 ™T 9 O0M — • - 

taming n.ep In n. to, nmbnaimem 9 3 <taW»«on wllhin the ppticl liter In u» 

Xt"S«5rS£S* * ! '» ' 8 » ~ «— < » • ~ — «,ne 

FIB in * . uh. luting ,«^ us K " ° " J' , S ,'™ * *" °' Wrd 8 ""»aimnnt M 
oplicnl „»n, ^ «L _ JT^.^lilSSK^ ZT SST * 
DETAILED DESCRIPTION nc rue PREFERRED EMBODIMENTS 

faces 10a and 10b fusion-spliced "o eaTo^Mn 2L2 a f " nd °P«<3' «»r 20 which have respective end 
optica, fibers 1 o and 20 indicate the modeteW EZTZFLZST T ^ ^ ° f firet and S6c ° nd 
mode field diameter of the first opticaXr t be ^et ion sol icS TT^ ' 55 m ° f 1 3 " fll The ,irst 
diameter, is D 10 , whereas the second mode field teZ!*?^ ^l ^ ^ mm ™ m value of the first ™de «eld 
minimum va. u ;%, the second mTde fSdd^ 

20 are set appropriately after the endfece O^oTthX? f ? r e,erS " the fifSt and Second °P fcal fi °^ 1 0 and 
fusion-spiced to each other Thfe ^!S^ZSS!T T V° "* -nd '** 20a * ^ °P tical fiber » 
20 as compared with cases where TSSSZSZZfl ? f T^ 1 * 66 " the first and second <*«<»' "be* 1 0, 
mode field diameters is simmered treatment ,s ^ out ^ch that the difference between the first and second 

« distribution yielded when a heating^ 

Fig. 2, curve 21 0 shows the temperatu S I^^SSlS 0 " ^ ,,ber) te Chan 9 ed ' 

creaM ^^JZ^^SSLT T*" °' ^ ^ ~- ^ fib - 1 °' » *> 
first case, in general, since 'he d stanc ZlZ mourit^ r°T 5 h ,he 8ec0nd case than *• 

fiber disperse depends on the temperaru^ 2ht EES?!" re9U ' aUn9 ^ added in, ° an 0 " tical 
to increase as the internal t^^SSThST L tnfmo^ fi^T T'7 ** * p "" iS known 

* on the dispersing area of impurities The eS the mi ffLTn °' ^ ° PtiCal ftoer varies de P e " di "9 
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separated from the fused point 30. 

[0033] Fig. 3 is a graph showing results of measurement carried out for verifying the above-mentioned relationship 
between the mode field diameter and temperature distribution. The first optical fiber 10 prepared in this measurement 
is an optical fiber (SMF) with a relatively large mode field diameter comprising a core made of pure silica and a cladding 

5 doped with F, whereas the second optical fiber 20 is a dispersion-compensating optical fiber (DCF) having a relatively 
small mode field diameter. In Fig. 3, curves 310a and 310b show respective mode field diameter changes in the DCF 
and SMF when the distance between the fused point 30 and the micro torch is set to 1 mm, whereas curves 320a and 
320b show respective mode field diameter changes in the DCF and SMF when the distance between the fused point 
30 and the micro torch is set to 3 mm. 

10 [0034] Fig. 4A is a table showing the mode field diameter per unit distance (1 mm) from the fused point 30 and its 
ratio of change concerning each of the DCF (first optical fiber 1 0) indicated by curve 31 0a and the SMF (second optical 
fiber 20) indicated by curve 31 0b (the optical fiber device in the first case) . On the other hand, Fig. 4B is a table showing 
the mode field diameter per unit distance (1 mm) from the fused point 30 and its ratio of change concerning each of 
the DCF (first optical fiber 10) indicated by curve 320a and the SMF (second optical fiber 20) indicated by curve 320b 

is (the optical fiber device in the second case). 

[0035] While the optical fiber device in the first case (constituted by the DCF indicated by curve 310a and the SMF 
indicated by curve 31 Ob) exhibits a splice loss of 0.11 dB, the optical fiber device in the first case (constituted by the 
DCF indicated by curve 320a and the SMF indicated by curve 320b) exhibits a splice loss of 0.31 dB. While the maximum 
ratio of change between given two points is 3.2 (u,m/mm) in the optical fiber device of the first case, that in the optical 

20 fiber device of the second case is 5.3 (nm/mm). 

[0036] From the foregoing, it is seen that the optical fiber device 1 realizing a lower splice loss is obtained according 
to the present invention when the vicinity of the fused point 30 between the first and second optical fibers 10, 20 is 
heat-treated such that the maximum ratio of change in mode field diameter becomes 4.0 nm/mm or less in each of the 
first and second optical fibers 10, 20. 

25 [0037] Though the above-mentioned maximum ratio of change is the ratio of change in mode field diameter between 
given two points separated by predetermined distances from the fused point 30, an optimal condition can also be 
derived from the ratio of change in mode field diameter with reference to the fused point 30 between the first and 
second optical fibers 10, 20. 

[0038] Specifically, in the optical fiber device 1 , let D 1 (L) be the first mode field diameter at a position separated from 
30 the fused point 30 toward the first optical fiber 1 0 by the distance L (unit: mm), D 2 (L) be the second mode field diameter 
at a position separated from the fused point 30 toward the second optical fiber 20 by the distance L (unit: mm). D 10 be 
the first mode field diameter (minimal value) before fusion-splicing, and D20 be the second mode field diameter (minimal 
value) before fusion-splicing. 

[0039] When the difference between the minimum value D 10 of the first mode field diameter and the minimum value 
35 o^o of the secondmode field diameter is 2 urn or greater, the optical fiber device 1 preferably satisfies the following 
expressions (1 A) to (1 F): 

D 1 (L)-D 1 q < 0.1 u.m (where L > 5), (1A) 

40 

O 2 (i)'D 20 <0.1 [i/n (where L £ 5), (1 B) 



(D 1 (0)-D 1 (2)V2 < 1.5 nm/mm, (1C) 



(D 2 (0)-D 2 (2))/2 < 1 .5 um/mm, (1 D) 

50 

(D,(0)-D,(3))/3 < 2.5 nm/mm, and (1 E) 

(D 2 (0)-O 2 (3))/3 <, 2.5 nm/mm. (1 F) 

55 

[0040] Namely, in each of the first and second optical fibers 1 0, 20, there is a position where the difference between 
the mode field diameters before and after the fusion-splicing becomes 0. 1 urn or less within the area where the distance 
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or less (expressions (1 C) and (1D)) aSSTtS'^T^ T ° f h m0de field diameIer * 1 -5 unVmm 

the fused point 30. the average aSL^ge n mode f e d^l 1 tam the fUSed point 30 fe 3 ™ and 

[0041] When the difference b^^^^T^" " ^ m or less (expressions (1 E) and (1 F)). 

fibers 10,20 before fu.»on-«plic j n g i,2umorZSe^^r ? 1 °' ^ ° f ^ ^ a ° d Second °e tical 
(2A) to (2D): nmorgreater, theoptKalhberdev.ee 1 may also satisfy the following expressions 



^(Lyo^OAum (where I > 5), 
°2(i)-O 20 s 0.1 \im (where £ > 5), 
(0i<O)-D 1 (2))*si.O|ifl*w» 1 and 
2 0 ( D 2(0)-D 2 (2))/2<1.0 R m/mm. 



(2A) 
(2B) 
(2C) 
(20) 



L from the fused point 30 is 5 mm or less (e wtr R ? te ** earea * ftete 
where the distance L from the fused point zZTZifi^^^ "T? P ° im 30 and ,he » 
mm or less (expressions (2C) and (2D)) 9 ° ° f chan9e ,n mode field dia ™ter is 1 .0 urn/ 

Eo.^b^ T*™ °» °» * «* «- — optical 

OA) to (3D) : P 9 '"^^'^.t^opticalfiberdevicel preferably satisfies the following expressions 



D iil-)-D io i0^nm (where L i 3), 
35 °2(*-)- 020*0. 1u,/n (where L>3), 

(°i(0)-Oi(1)yi S1.5 nmfmm, and 



(3A) 
(3B) 



(3C) 

(O 2 (0)-O 2 (1)yi <M.5um/mm. 

(oU) 

KLSd^^^ J « r on where the difference between 

f ™ the fused point 30 is 3 mm or less (expreiioS 
where the distance L from the fused pZ tZTr^Z L^l fT" ^ P °' mt 30 and »» P° siti ™ 
mm or less (expressions (3C) and { 3D» ™ 9 ° ^ " ° han9e in mode ™ ^ameter is 1 .5 unV 

Ko.^:£™^ O 10 , D20 of the fi ret and second optica, 

device 1 prefer^ satisfies the lowing e^Jn^n^) 1 ° " *°" {u *°«>- *° °»™"ter 

°i(<-)-0io > 0.1 n/n (where L <£ 3), and 

D 1 (O-O 10 < 0.1 n/n (where /. > 5). 

[0046, ^thefiretopt^ 
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before fusion-splicing, a position~where the difference between the mode field diameters before and after the fusion- 
• splicing becomes 0.1 u.m or less exists within an area where the distance L from the fused point 30 is 3 mm or more 
but 5 mm or less (expressions (4A) and (4B)). 

[0047] More preferably, when the difference between the respective mode field diameters D 10; of the first and 
5 second optical fibers 1 0, 20before fusion-splicing is 2 u.m or greater while the value D 10 is greater than the value D^, 
the optical fiber device 1 satisfies the following expressions (5A) and (5B) : 

D^LJ-Djo > 0.1 U./77 (where L < 1.5), and (5A) 

10 

D^LyD^ <> 0.1 urn (where L < 3.0). (5B) 
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[0048] Here : in the first optical fiber 10 having the mode field diameter D 10 greater than the mode field diameter D 20 
before fusion-splicing, a position where the difference between the mode field diameters before and after the fusion- 
splicing becomes 0.1 u,m or less exists within an area where the distance L from the fused point 30 is 1 .5 mm or more 
but 3.0 mm or less (expressions (5A) and (5B)). 

[0049] There is a possibility that the splice loss may not fully be reduced when one of the mode field diameters D 10 
and D 20 (minimal values) of the first and second optical fibers 10, 20 before fusion-splicing is 2 nm or more but 7 u,m 
or less. In the optical fiber device 1 according to the present invention, however, the vicinity of the fused point 30 is 
heat-treated such that the ratios of change in mode field diameter in the first and second optical fibers 10, 20 are set 
as mentioned above. Therefore, the splice loss at the fused point 30 Is fully reduced. On the other hand, mismatching 
is more likely to occur between the first and second optical fibers 10, 20 when one of the mode field diameters D 10 
and D 20 before fusion-splicing is 1 0 ujti or more but 1 4 u.m or less. In the optical fiber device 1 according to the present 
invention, however, the vicinity of the fused point 30 is heat-treated such that the ratios of change in mode field diameter 
in the first and second optical fibers 10, 20 are set as mentioned above. Therefore, the splice loss at the fused point 
30 is fully reduced. 

[0050] The method of making an optical fiber device according to the present invention will now be explained. Initially, 
in this method, the first and second optical fibers 10, 20 are prepared. Then, thus prepared first and second optical 
30 fibers 1 0, 20 are stripped of coatings in the vicinity of their respective end parts to be fusion-spliced to each other. In 
the subsequent fusing step, the first and second optical fibers 1 0, 20 are aligned with each other such that their optical 
axes are superposed on the same line, and the first and second optical fibers 10, 20 are fusion-spliced to each other 
in a state where their respective end faces 10a, 20a are butted against each other. In the fusing step, the first and 
second optical fibers 10, 20 are arranged such that thus butted end faces 10a, 20a are positioned between a pair of 
electrodes, whereas the respective end faces 10a, 20a of the first and second optical fibers 10, 20 are fusion-spliced 
upon arc discharging between the pair of electrodes. 

[0051 ] A heating step is carried out afterthe fusing step. In the heating step, a flame formed by supplying a flammable 
gas (e.g., propane gas) and an oxygen gas to a micro torch, an electric heater, a C0 2 laser, or the like is utilized as a 
heating source. Then, a predetermined area including the fused point 30 is heat-treated by the heating source. The 
heating step disperses dopants, e.g., Ge and F, added to the first and second optical fibers 10, 20 mainly composed 
of silica glass, thereby lowering the difference between the mode field diameters D^O) and D 2 (0) of the first and second 
optical fibers 10, 20 in the vicinity of the fused point 30. By way of such a heating step, the splice loss of the optical 
fiber device 1 at the fused point 30 is reduced. 

[0052] Subsequently, after the heating step, the vicinity of the fused point 30 between the first and second optical 
fibers 10, 20 is coated again, and is reinforced with a metal or the like if necessary. The optical fiber device 1 according 
to the present invention is obtained by way of the foregoing steps. 

[0053] In the method of making an optical fiber device according to the present invention, the temperatu re distribution 
of the first and second optical fibers 1 0, 20 at the time of the heating step is appropriately set according to the difference 
between the first mode field diameter D 10 of the first optical fiber 10 before fusion-splicing and the second mode field 
diameter of the second optical fiber 20 before fusion-splicing (see Fig. 2). As a consequence, the splice loss of 
thus obtained optical fiber device 1 at the fused point 30 Is further lowered. Specifically, the following heat treatment 
is carried out in the heating step. 

[0054] Namely, when the difference between the respective mode field diameters D 10 , of the first and second 
optical fibers 10, 20 is 2 or greater, the first and second optical fibers 10, 20 are partly heated in the heating step 
afterthe fusing step such that the difference between the highest and lowest temperatures in a region having a length 
of 4 mm centered at the fused point 30 becomes 100°C or less (see Figs. 5A and SB). Here. Fig. 5A is a view showing 
the heating step in which the vicinity of the fused point 30 is heated with amicro torch 100 acting as heating means 
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[0057] When the difference between thT^L °P tlcalf "*r 10 or second optical fiber 20 (Figs 5A andSffl 
me, , 20 before fus.on-sp.Sng s Z Z S " *T D '°' °» ° f the «* 

the heating step in this method such that^e wStTl^ ^ ° PHCal fibers 1 °- 20 ma V be partly heated I in 
roOMl^A^ ' r ° m ' used D0 ' nt ^0 'owa^th^fi^optJca^^eMO or'setf 0 ' 3 P ° S ' t ' on se P arat ed by 0.5 mm or less 
0058] As ,„ the foregoing, the temperature dbttbS^iilT T™" ^ 20 (§ee Fi9S ' 6A and SB) 
the fused pom. 30 is set appropriately in the heating steo Z , SeC ° nd ° PtiCal " berB 1 °- 20 f " the vicinity of 

structure of the heating source such as the micro ofch So o 117 s " d,StnbU,i ° n Can be set as ■«* when the 
micro torch too, the distance between the heSo sou™ fl hea,6r ' th6 f,0W rate °' ea <=* 9» supplied to the 

unng the temperature distribution of each o S Z and , ° P ,he Bke are 4u«ed For mels 

type thermometer is favorably used In this embSm^ 7 Pt ' Cal 1 °' 20 in the heati "9 step, a noncontact 
the infrared-ray radiation thelometeMIO TS£ a SSTT radiat, '° n ,hem,0nleter ' 0 ^SSS 
rad,at,on thermometer 110 and me first and I^JtlEE ? 0 I 2 ° * diSpoSed the infrared r 

fibers 1 0, 20 is mainly composed of silica glassed h^ ! , . ' 2 ° Since each of the first second optical 

the heating source such as the micro torn? 100 o electric heaTf^ * S6t ,0 ° 5 - 

an m rared,ay radiation thermometer has such a oi^ 

he heating temperature for a region to enhance the mod! L^f! 6 ab ° Ut 1300 ° C or ,ess °" the other hand 
first and second optical fibers 1 0 20 is n»£2£ hJ . d ' ameter (in the vicinit V <* the fused point 30) IS 
optica, fibers 10, 20 can d«perse Name y w ej J doLnT^ 31 Whfch d ° pants added to the ins and second 
£rared-ra y «**o" thermometer ^££2^?* T ^ surface Mature mJsTre^ 
be about 500°C or higher. a " n9 re9 ' on ,n the "* «* second optical fibers 1 0, 20 is needed to 

dimeters D 10 , p. 0 , the firs, and second optal^i^tS!? d ' fferenCe betWeen me res P^e mode Sd 
cond„,ons of expressions (3A) to (3D) and (5A) and Sm 1 SIOn - s P licin 9 * 2 ^ or greater, and any of the 

rZT ° 10 ' ° 20 ° f the flrst and **<>nd iSS'S^S 20 b i T renCe b6tWeen the ~P«* mode fUd di 
[0061] ln thus obtafned optical fiber device f whether L 1 « ■ , fus,on - s P ,fcln 9 * 2 nm or less. 

S,t(Sa^^ 

obtamed. Atternativefy, the distribution ofSSJfnTS'r^^ ° f Cha " 9e inmode 

^ ^^^^^^^^^^^ 
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which the difference between motfe field diameters D 10 , before fusion-splicing is 2 urn or greater, i.e., D 10 -D 20 2 
2 um After the first and second optical fibers 10, 20 are fused to each other, a predetermined region including the 
fused point 30 between the first and second optical fibers 10, 20 is heated with a micro torch (see Fig. 5A), whereby 
the optical fiber device according to the first embodiment is obtained. Concerning a plurality of samples thus obtained. 
5 the inventors determined mode field diameters D^O), D 2 (0), 0^2), D 2 (2), 0^3), and D 2 (3) at respective positions 
where the distance L = 0, 2 mm, and 3 mm. Also s the inventors measured the mode field diameters D^L), D 2 (L) at the 
respective positions separated from the fused point 30 by distances L (in increments of 0.1 mm), and determined the 
distance L at which the value of D^{L)-D^ becomes 0.1 urn or less and the distance L at which the value of D 2 (l)-D 20 
becomes 0.1 ujti or less. 

w [0064] Fig. 7 is a table listing various items mentioned above concerning sample Nos. 1 to 18 corresponding to the 
optical fiber device according to the first embodiment. Successively from the left side, the table of Fig. 7 shows sample 
No., and the mode field diameters D^O) and D 2 (0) at the fused point 30. In succession, concerning the first optical 
fiber 10, the table shows the mode field diameter D 10 before fusion-splicing, the mode field diameter D<|(2) at the 
position where the distance L = 2 mm, the average ratio of change (D 1 (0)-O 1 (2))/2 between the fused point 30 and the 

*5 position where the distance L = 2 mm, the mode field diameter 0^3) at the position where the distance L = 3 mm : and 
the average ratio of change (D^(0)-D^{3))/3 between the fused point 30 and the position where the distance L = 3 mm. 
In succession, concerning the second optical fiber 20, the table shows the mode field diameter D 20 before fusion- 
splicing, the mode fielddiameter D 2 (2) at the position where the distance L = 2 mm, the average ratio of change (D 2 
(0)-D 2 (2))/2 between the fused point 30 and the position where the distance L = 2 mm, the mode field diameter D 2 (3) 

20 at the position where the distance L = 3 mm, the average ratio of change (0 2 (O)-0 2 (3))/3 between the fused point 30 
and the position where the distance L = 3 mm, and a distance L 2 at which the value of D 2 (L)-02O becomes 0.1 u/n or 
less from the fused point 30. On the rightmost side, the table shows the splice loss at the fused point 30. As can be 
seen from Fig. 7, the splice loss of the optical fiber device according to the first embodiment is suppressed to 0.2 dB 
or less in general when the above-mentioned conditions of expressions (1 A) to (1 F), (2A) to (2D), or (4A) and (4B) are 

25 satisfied. 

[0065] The optical fiber device according to a second embodiment comprises first and second optical fibers 1 0, 20 
in which the difference between mode field diameters D 10 , D 20 before fusion-splicing is 2 urn or less, i.e., O^0 1O - 
D^^ji/n. After the first and second optical fibers 1 0, 20 are fused to each other, a predetermined region including the 
fused point 30 between the first and second optical fibers 10, 20 is heated with a micro torch (see Fig. 6A), whereby 

30 the optical fiber device according to the second embodiment is obtained. Concerning a plurality of samples thus ob- 
tained, the inventors determined mode field diameters D^O), D 2 (0), D^l), and D 2 (1), the distance L at which the value 
of D A (L)'D 10 becomes 0.1 ujti or less, and the distance L at which the value of D 2 (/.)-D 20 becomes 0.1 |im or less. 
[0066] Fig. 8 is a table listing various items mentioned above concerning sample Nos. 1 to 6 corresponding to the 
optical fiber device according to the second embodiment. Successively from the left side, the table of Fig. 8 shows 

35 sample No., and the mode field diameters D^O) and D 2 (0) at the fused point 30. In succession, concerning the first 
optical fiber 1 0, the table shows the mode field diameter D 10 before fusion-splicing, and the mode field diameter D 1 (1 ) 
at the position where the distance L = 1 mm, the average ratio of change (D^OJ-D^I))/! between the fused point 30 
and the position where the distance L = 1 mm. In succession, concerning the second optical fiber 20, the table shows 
the mode field diameter D 20 before fusion-splicing, the mode field diameter D 2 (1 ) at the position where the distance L 

40 = 1 mm, the average ratio of change (D 2 (0)-D 2 (1))/1 between the fused point 30 and the position where the distance 
L = 1 mm, and a distance L2 at which the value of D 2 (L)-D 2 q becomes 0.1 urn or less from the fused point 30. On the 
rightmost side, the table shows the splice loss at the fused point 30. As can be seen from Fig. 8, the splice loss of the 
optical fiber device according to the second embodiment is suppressed to 0.2 dB or less in general when the above- 
mentioned conditions of expressions (3A) to (3D) or (5A) and (5B) are satisfied. 

45 [0067] The optical fiber device according to a third embodiment comprises first and second optical fibers 10, 20 in 
which the difference between mode field diameters D 10 , D20 before fusion-splicing is 2 am or greater, I.e., D 10 -D 20 > 
2 um, After the first and second optical fibers 10, 20 are fused to each other, a predetermined region including the 
fused point 30 between the first and second optical fibers 10, 20 is heated with a micro torch (see Fig. 5A), whereby 
the optical fiber device according to the third embodiment is obtained. A propane gas and an oxygen gas are supplied 

50 to the micro torch. The inventors determined a temperature distribution in the vicinity of the fused point 30 between 
the first and second optical fibers 1 0, 20 by using an infrared-ray radiation thermometer at the time of heating with the 
micro torch. After the completion of the heating step, the inventors measured the splice loss at the fused point 30. 
[0068] Fig. 9 is a table listing the surface temperature and splice loss at each part concerning sample Nos. 1 to 8 
corresponding to the optical fiber device according to the third embodiment. Successively from the left side, the table 

55 of Fig. 9 shows sample No., the temperature at the fused point 30 during heating, the temperature at the position where 
the distance L = 2 mm in the first optical fiber 10 during heating, the temperature at the position where the distance L 
= 2 mm in the second optical fiber 20 during heating, the difference between the highest and lowest temperatures in 
a region having a length of 4 mm centered at the fused point 30 during heating, and the splice loss at the fused point 
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used point 30 between the first and K d optical fi Z 1 ! S IT* °* har ' 8 predeta ™ed region inc.uo ing Se 
the optical fiber device according to the fourth embod S \ hMt-d 3 micro torch < s "» Fig 6A) whereb! 

the first and second optical fibers 1 0, 20 by usino an Zr*Z d f nbu,lon ln ,he "cmity of the fused point 30 behveen 
micro torch. After the completion of the heat tep TS lZT the ™° me,er * "» «me of heating wt e 
[0070] R g . 10 is a tab(e , the su 9 «JP. he .nventors measured the splice loss at the fused point 30. 
corresponding to the optical fiber device accordZ Z , , an l Spllce loss at ea ch Part concerning sample Nos 1 to « 
°f Fig. 10 shows samp,e No, the ^e^XeTu^t^r" 1 SUCCeSSlVe * f ™ «• »«H table 
» w ere the distance L = 1 mm in the ffrs ^it^^i*"* heat ' n9 ' the tem »* « the pj "ion 
distance L = 1 .mm in the second optical fiber 20 1 L IT 9 . tin9, the tem P er ature at the position where the 
peratures in a region having a length oi 2 mm centeZ m ?' ? differenCe between the ni 9^st and tow2t em 

used pom, 30 between the first and second epical fibe« 1 t 9 predete ™'"ed region incluLoThe 

he op tical (iber devjce a (o f JJS^J2^L'T d With 8 micro torch <~ RB- «>. wter 

to the micro torch. In the fifth embodiment while vsZ^l A Pr ° pane 938 and an °*ygen gas are suoolJ 

to the fused point30 along the opticaSi^ 

ther e n u r istributio ^ 

at he „me of heating with the micro torch thereby deteZTn If V 9 ^ ,r " rared - ra y radiation thermometer 
» yielding the highest temperature, the ^xZT*27i T T° n (,hS dis,ance L from ,ne S 30 
Position where the distance L= 1 mm from the fused Z m £ fUSedP °' nt 30 ' and «» heating temperature a the 
measured the splice loss a, the fused poim 30 *"* "* ^ COrnpletio " - "eating step the inventors 

values indcate that the position yielding 5^ ^? 

he heating temperature at the fused point 30 ^e healfnT?^^ 6 ' S ,0CM,d 00 the filst fiber 10 side) 

used point 30 between the first ancTseco d optical lll o ? 0 T 3 predete ^ned regie including S 
he optical fiber device according ,o the sixth embTdlmenTl obSinad a „ 3 ^ t0rch (See Soy 
to the micro torch . Whj|e varjou rel2 e pi!ton of fhp P Pa " e ^ ^ 30 0Xy 9 en gas are supplied 

along me optical axis direction of the first and second oSfiL T« T° ' 0rCh With respecl t0 'used point 30 
distnbution of the first and second optical fibLTo 20 £ °' 2 °' the inVen,ors measur ed the temperate 

heating with the micro torch, therebj ZmZ?£Z£*" "JT^ M ™ the ™er at 2 *e 
highest temperature, the heating temperature a h e Ssed D o°n, in T" 06 L fr ° m the ,used P° ir " 30) yiefdin^he 
the distance L = , mm from the fused pott" TSter Te Z«r "1 h6ating Mature at the position where 
Si 088 3t thS ' UMd point 30 ' heatln9 St6p ' the Mentors measured the 

- a8 ----Positionyie,dingth 9 ehi=^^ 
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the heating temperature at the fused point 30, the heating temperature at the position where the distance L = 1 mm 
from the fused point 30, and the splice loss at the fused point 30 after the completion of the heating step. As can be 
seen from Fig. 12. the splice loss is suppressed to 0.2 dB or less in general if the highest temperature is attained at a 
position where the distance L from the fused point is 0.5 mm or less. 

5 [0075] The optical fiber device according to a seventh embodiment comprises first and second optical fibers 1 0, 20 
in which the difference between mode field diameters D 10 , before fusion-splicing is 2 \im or greater, i.e., 0 1O - D 20 
> 2 u/n. After the first and second optical fibers 10, 20 are fused to each other, a predetermined region including the 
fused point 30 between the first and second optical fibers 1 0, 20 is heated with an electricheater (see Fig. 5A), whereby 
the optical fiber device according to the seventh embodiment is obtained. In the seventh embodiment, samples were 

10 manufactured by any of a heating step in which the vicinity of the fused point 30 was heated such that the difference 
between the highest and lowest temperatures in a region having a length of 4 mm centered at the fused point 30 
became 100°C or less as in the third embodiment and a heating step in which the vicinity of the fused point 30 was 
heated such that the highest temperature was attained at a position separated by 1 mm or less from the fused point 
30 as in the fifth embodiment. 

is [0076] Fig. 13 is a table listing the surface temperature and splice loss of each part concerning sample Nos. 1 to 4 
for which the heating step was carried out as in the third embodiment as the optical fiber device according to the seventh 
embodiment. Fig. 14 is a table listing the surface temperature and splice loss of each part concerning sample Nos, 5 
to 1 7 for which the heating step was carried out as in the fifth embodiment as the optical fiber device according to the 
seventh embodiment. 

20 [0077] As can be seen from Figs. 13 and 14, the splice loss is suppressed to 0.2 dB or less in general if the difference 
between the highest and lowest temperatures in the region having a length of 4 mm centered at the fused point 30 
during heating is 100°C or less (sample Nos. 1 to 4) in the case where the electric heater is utilized as in the case 
utilizing the micro torch. Also, the splice loss is suppressed to 0.2 dB or less in general if the highest temperature is 
attained at a position where the distance L from the fused point 30 is 1 .0 mm or less (sample Nos. 5 to 1 7). 

25 [0078] In accordance with the present invention, as in the foregoing, the respective ratios of change in the mode 
field diameters D^L) and D 2 (L) of the first and second optical fibers after fusion-splicing are set appropriately according 
to the difference between the mode field diameters D 10 , Dgo (minimum values) of the first and second optical fibers 
before fusion -splicing, whereby the splice loss at the fused point between the first and second optical fibers can effec- 
tively be reduced. 

30 [0079] From the invention thus described, it will be obvious that the embodiments of the invention may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and scope of the invention, and ail 
such modifications as would be obvious to one skilled in the art are intended for inclusion within the scope of the 
following claims. 
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Claims 



1 . An optical fiber device comprising a first optical fiber and a second optical fiber having one end fusion-spliced to 
one end of said first optical fiber; 

*o wherein said first optical fiber has a first mode field diameter D^L) at a position separated by a distance L 

from a fused point between said first and second optical fibers; 

wherein said second optical fiber has a second mode field diameter D 2 (L) at a position separated by said 
distance L from said fused point between said first and second optical fibers; 

wherein the minimum value D 20 of said second mode field diameter is different from the minimum value D 10 
« of said first mode field diameter; and 

wherein each of the maximum value of the ratio of change in said first mode field diameter (0 1 (/. 1 )-D 1 (L 2 ))/ 
(J-2"*-i) between two points respectively separated by distances L, and I2 (> L,) toward said first optical fiber from 
said fused point between said first and second optical fibers and the maximum value of the ratio of change in said 
second mode field diameter (^(t-j)-^!*))/^-^) between two points respectively separated by said distances 
so L 1 and L 2 (> L t ) toward said second optical fiber from said fused point between said first and second optical fibers 

is 4.0 um/nrn or less. 

2. An optical fiber device according to claim 1 , wherein said minimum value D 10 of said first mode field diameter and 
said minimum value D20 of said second mode field diameter have a difference of 2 \im or more therebetween. 



3. An optical fiber device according to claim 2 f wherein said optical fiber device satisfies the following conditions: 



13 

BNSDOCID: <EP 1 23701 8A2J_> 



10 



15 

and 



EP1 237 018 A2 

01 (<-)-D 10 < 0.1 M m (where L > 5 mm), 

D 2(<O-02O S 0.1 iim (where L > 5 mm), 
(°i(0)-O 1 (2)y2<1.5nm//n/77, 
(O 2 (0)-O 2 (2)V2 5 1.5 H/n/m/n, 
(WO.Ojyss 2.5 um/mm, 



20 



25 



(0 2 (O)-D 2 (3))/3< 2.5 nm//nm. 

4. An optical fiber device according to claim 



30 



35 



01 (*•)- 0 1O so.i^m ( Where ^ > 5 
D z(l-)-D 20 < 0.1 nm (where L > 5 mm), 
^(OyD,(2)y2<1.o lim /mm, 



and 



(D 2 (0)-0 2 (2))/2 S i.o Hm/mm . 

* « 

40 D i(^)-0io * 0.1 jim (where Z_ $ 3 mm), 

and 



45 



50 



&1 (/.)-O 10 < 0.1 nm (where Z. > 5 mm). 

6. An optcal fiber device according to claim 1, 

wnereinsaidminimum value D, A of said firet^^ « 

- .ameter have a ^^^^T^ "*» D » « f said second .ode 

7- An optcal fiber device according to cfcim 6. wherein , 



• •* optica, fiber devfce satisfies the foliowing condrtions: 
S5 ° 1 (i) '°io s » ^m (where L > 3 mm), 

D 2W-D S0 < 0.1 nm (where L > 3 mm), 
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(0,(0)- 0^1))/! < 1.5u.m/mm. 

and 

5 

(D 2 (O)-0 2 (1))/1 * 15 ^'mm. 

8. An optical fiber device according to claim 6, wherein said optical fiber device satisfies the following conditions: 

w 

D^(LyD^ 0 Z 0.1 \Lm (where L <, 1.5 mm), 

and 

15 

D^m-DiQ < 0.1 u.m (where L 2 3.0 mm). 

9. An optical fiber device according to claim 1 , wherein one of said minimum value D 10 of said first mode field diameter 
20 and said minimum value D 20 of said second mode field diameter is 2 jxm or more but 7 \irr\ or less. 

10. An optical fiber device according to claim 1 .wherein one of said minimum value D 10 of said first mode field diameter - 
and said minimum value D 20 of said second mode field diameter is 10 u.m or more but 14 u.m or less. 

25 11. A method of making the optical fiber device according to claim 1 , said method comprising the steps of: 

preparing first and second optical fibers yielding respective mode field diameters with a difference of 2 jim or 
more therebetween; 

fusion-splicing one end face of said first optical fiber and one end face of said second optica! fiber to each 
30 other; and 

partly heating said first and second optical fibers, after said first and second optical fibers are fusion-spliced, 
such that the highest and lowest temperatures in a region having a length of 4 mm centered at a fused point 
between said first and second optical fibers yield a difference of 100°C or less therebetween. 

35 12. Amethod according to claim 11 , wherein said first and second optical fibers are partly heated, after said first and 
second optical fibers are fusion-spliced, such that the highest temperature is attained at a position separated by 
1 .0 mm or less from said fused point between said first and second optical fibers toward at least one of said first 
and second optical fibers. 

40 13. A method according to claim 11, wherein said region including said fused point between said first and second 
optical fibers is heated with a flame formed by supplying a flammable gas and an oxygen gas to a micro torch. 

14. A method according to claim 11 , wherein said region including said fused point between said first and second 
optical fibers Is heated with an electric heater. 

45 

15. A method of making the optical fiber device according to claim 1 , said method comprising the steps of: 

preparing first and second optical fibers yielding respective mode field diameters with a difference of 2 \im or 
less therebetween; 

so fusion-splicing one end face of said first optical fiber and one end face of said second optical fiber to each 

other; and 

partly heating said first and second optical fibers, after said first and second optical fibers are fusion-spliced, 
such that the highest and lowest temperatures in a region having a length of 2 mm centered at a fused point 
between said first and second optical fibers yield a difference of 100°C or less therebetween. 

55 

16. Amethod according to claim 15. wherein said first and second optical fibers are partly heated, after said first and 
second optical fibers are fusion-spliced, such that the highest temperature is attained at a position separated by 
0.5 mm or less from said fused point between said first and second optical fibers toward at least one of said first 
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and second optical fibers. - 



said first and second 
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Fig. 4 A 



DISTANCE FROM 
FUSED POINT 
(mm) 


1 st OPTICAL FIBER 10 


2 nd OPTICAL FIBER 20 


MFD(#m) 


RATIO OF CHANGE 


MFD(flm) 


RATIO OF CHANGE 


0 


13.1 




13.5 




1 


11.5 


1.6 


13.4 


0.1 


2 


11.0 


0.5 


13.2 


0.2 


3 


8.0 


3.0 


12.8 


0.4 


4 


4.8 


3.2 


11.6 


1.2 


5 


4.9 


0 


11.7 


0 


6 


4.9 


0 


11.7 


0 



Fig.4B 



DISTANCE FROM 
FUSED POINT 
(mm) 


1*1 OPTICAL FIBER 10 


2 nd OPTICAL FIBER 20 


MFD(jum) 


RATIO Or CHANGE 


MFD(jum) 


RATIO OF CHANGE 


0 


13.3 




14.3 




1 


11.7 


1.5 


14.3 


0 


2 


6.5 


5.3 


13.2 


1.1 


3 


5.0 


1.4 


11.9 


1.3 


4 


5.0 


0 


11.6 


0.3 


5 


4.9 


0.1 


11.7 


0 


6 


4.9 


0 


11.7 


0 



19 

BNSDOCID: <EP 1237018A2_l_> 



EP 1 237 018 A2 




Fig.5B 



HIGHEST 

TEMPERATURE 

LOWEST 
TEMPERATURE 



•2 



FUSED POINT 30 

>• 



JL 



Lj 



2 (mm) 



BNSOOCID: <£P 1 23701 SA2J_> 



20 



EP 1 237 018 A2 




Fig.6B 
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Fig. 9 
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Fig. 11 
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Fig.14 
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